esp@cenet document view 

LASER ANNEALING SYSTEM 



Patent number: 
Publication date: 
Inventor: 

Applicant: 
Classification: 
- international: 



JP2000012484 
2000-01-14 

FUJIKAWA SHUICHI; FURUTA KEISUKE; MORITA YOKO; 
KONNO SUSUMU; KOJIMA TETSUO; YOSHIZAWA KENJI 

MITSUBISHI ELECTRIC CORP 



H01L21/20; H01L21/268; H01S3/00; H01L21/02; HOI 83/00; 
{IPC1-7): H01L21/268: H01l_21/20; H01S3/00 

- european: 

Application number: JP1 99801 7891 8 19980625 
Priority number(s): JP19980178918 19980625 



Abstract of JP200001 2484 
PROBLEM TO BE SOLVED: To provide a laser 
annealing system in which annealing Is performed 
with excellent quality through a simple arrangement. 
SOLUTION: The laser annealing system comprises 
a pulse laser light source 1 generating first pulse 
laser light 2 having wavelength in visible region, and 
second pulse laser light generating means, i.e., a 
nonlinear optical element 10, for converting the 
waveform of a part of the first pulse laser light 2 and 
delivering a second pulse laser light 6, while is a 
second harmonic having wavelength in the 
ultraviolet region, while superposing on the first 
pulse laser light 2 coaxially therewith wherein an 
article 9 is irradiated with the first and second 
superposed pulse laser lights 2, 6. The article 9 is 
inradiated such that the irradiating region of the first 
pulse laser light covers the Irradiating region of the 
second pulse laser light. 
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{*5g^^fi&t4j«M<t UTffli/K ±IE^ 1 CD/IJI'X 1/— y* 

it#«ii[i:-r-5i»*:^ 1 2 tHacou--- tf 7--;i'g 

[if*Ji4] ±fBII 1 /t^UX l^-- tf5t%^^l&*^ ± 20 
fB^ 1 W/^Jl'XU— y'7t<hLTm2iSigaigE^^^T^^^ 

itsst-r -sf**^ 1 7bM 3 i.i-fn*^ie«ro u-if 7- 
±tB^ 1 <r>n)V7. v—^ftt. Lxm 2 ssiB&s^^-r-s 

Q X 'f .y J; t) /IJPX^b ^ nfc@«: U— tf TS. S d t 

[»*JS6] ±iBaa$nfe±sa»i ©/"^juxu— tf so 

5t*5J:t;±iBm2®/t;i.XU— !f^t*«?tebT, ±iBa^ 
75<^2C0/'«;1/XL'— t»-*?t»Bg#t^^j;i3/£<. ^2©/t 

;i/X u— tf jt<^>figltMi^ti> "m 1 o/'^;i'X u— tf^trosg 
[0001] 

U n XO^St^JgSYk^. ITOdndiumTin 
Oxide) l|g<DfliKafbtCJ;i>«mtt5icS^fC'ffiffl 

[0 0 0 2] 

i^gSBg 56-29323 ^il^^JCS^^nfc U— »f 7^^- 

;u^BA^a m i o ti^Mss 56-2932 
3 ^^2i « tc jK ^ nx 1/ ^ ^ fi!* o u- — tf 7 n - B <^«? 

fi£S:^-ryny i7@T-*-5. ia(3^t.>T, QX-f-^/^'H 
#:U— tfTfe^.A^l'XU— -ifjt® Itt, QX-f y^tCk 50 
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0/t;i/xft^nfcS2^ai3^£T*^m 1 cDyt;px u— tf^t 

•2S:^^-r'5. 3tt^l<D>''«;PXU— +fJt2tOJtK4 2 
*|6)IC»tet--&Z::*<oe-AXyj y:^. 4«e-AX 
3-C2;&[6jl;:^i-iS$tifc:m 1 <OA-;i/X L — -tf^t 
2(D5-^-;&©3tSS^ISg-r^ili^7^^?^. 5«^1(0 

Si, 6ttt'-AXyUy^'3-C»lK$nfcfc^-:;?<7)m 
1 (DAJUX tf3t 2 ®^t^&S^5te^K^ffl<e3§ 5 
J; 0 il(gLfc^iSa^7tTt&-l>m 2 <?5/^;PX l/— tf^tT* 
■5. 7tt45° AW©**jS7t-C*-&mi CD/'^;^X^- 
1f^t2 *SjaL4 5* Altroa8ife3tT*-5m 2 
XU— !t*7t6 €rJS*t-r-5 2fei4h'-AX7''J •y^', 8 li 

[0 0 0 3] :k\zmmz':)\.^xmm-r^. /t;pxu— tf 

TtiKl «. QX-<y5^tCJ;»3/'?<lUX{k$nfc«*ffiE3te-C 

*-5^ 1 w/t;i.xu— !f?t2i£-^^-r^. /i;uxi/— »f 

^aiMbfc^l W/t;PXU— tt-'^2H, f-AX 

-J ^ 3\z^K> 2y3mz^m^ni>. f-AXyj -y 

rS' 3 ^Silt-^m 1 ©y'JJUX U— !f 2 «ilSI?t^* 4 
ICAWb. — ^(7DPtPB^jin<&t>oTil}f3^^?^4A^e,ai 
WU2fettf-AX7''J •y^' 7 (ciijjtr*. t*- 
AXTT'iJ :^ 3 »Cj;tjTittA:*|6](lS:W$nfcm 1 
;UXU'— y-*3t2«^««E&ii<&g5{CAltL. 
;PX U— tf 3t 2 <75-g|5«^t^jg^S:d^iSfiS$ nrc^ 2 CD/l 
jUXU— tf3t6 fZ^ife^tl. 2fettt*-AX7''J 7 
iCfiJjS-r?). 2fettk*-AX7''J 7fi. 4 5° AW 
<D^1®/'<;UXU— tf3te2CJt*UTtt«jl. 4 5' AW 
cOit5i)li^7tTfe'5m2 ©/t^PX 1^— tf>t6 tc?:* L-TttS 

xmm-^riTz'm i (o/wx u— ifjt 2 ©^sstjt^jfts 

iliSiifc J: 0 7t^j$Sc*tjm$nfc^ 2 <75/t;Px 1/— tf 
^6<D^I^«-&l5£$n, m 1 CD/t^PX U-— t)-'^t2i5d:yJ 
m 2 (0/'?;t'X U— tf^ 6 lii t)(C«^,^.W^^^ 8 \ZX 
W-rs. «^BSW5t^lS8J-J:oT. ^l<r>;^)l7.V — 
■9-'>t2*3j:tX^2 co/i;UX U— y-'TtS «i:t>tcm3t>'1^' 

>A^*8^HajtKf^ 9 (DWMmmzm.'^-r^^ommi^n, 

^ 1 CD/tJI/XU— if^2 Jz'b^ce.^ni^FBliStifi. '> 
;ux $i-<7)P#FBliliei± i -5 J: 5 ^ nr -5 . 

[0 0 0 4] 

[5EBB*<^ftL<fc5<i:-r«.glS] Se^fEaJU— tf7:i-;U 

\^rz%m'^ns.iEmz^^t^-&wi}^$>i>rztb, Ttsm 

[0 0 0 5] «*iSti«iiftJt<i:<D^'-f = >if|a 
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CO 0 0 6] ^^c, JtK©«-fe^ilii3t^mw8aglcJ; 

[0 0 0 7] TtS&Scai^gglCtJt^TiiSil&JtlC 

[0 0 0 8] ^/t. QX-f-y^H<^L — ■*f<D^:$.m^ 
&^^i:^^^4■;t-5Ci:nt<. g^SgMiS^^f^iSigi, fcL< 20 

[0 0 0 9] z<D%mit, acDj^ofj-Wkm^msi-r^rz 

[0 0 1 0] 

nim^lc&SSr^-r^)^ 1 cD/ljPXU- 
[0 0 1 1] dO^HJlC^SU— !f7r:-;|.Sg«, m 
2 /'^JP;^ tf Tt^^^S**^ 1 ©y^Jl^X U— tf 5t<D 2 
fSitSi^j^ ^^^-r ^ d i: ^it#gi i-r^ t>(7)T*-2.<. 
[0 0 12] CCO^B^fC^^U— t)-'7--;i.SS«. H 40 

Xfflti. miO/Ul'XU— y-*3ti:LTll2iSgSS^*5!Sfe 

[0 0 13] zL(D^mizw>^u—*f7--)ummit, m 

A ^ @ U- — tf-C ^ ^ C <h ^ #® t -r -i) (OT -5 . 
[0 0 14] CCO^B^lceSSU— y-'TJZ-jU^gti. m 
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[0 0 15] z<Dmmtzmi>u-^7:^-ji^ms\t. m 

[0 0 16] 

srsifr^-r. 0iic*5tiT. 0*. aioti^— 

T, /VU:^ U—lf^m 1 «^ffi«ro?SESSrWr-£.^ 1 <o 
/■^^l/XU— tf^2 1 (7)/i;UXU— tf%3t 

m 1 CO/tJl'X 1/— +f7t2 W^gSF^lrli, m 

fi?&*r€.B 2 ©/x;px u— tf3t$» 1 ©/'?;i'X tf 

juxu— y-'^igi i#^j^7te^?^^i oiwraiJcjs. » 
1 (D/^jux v—^it 2 ^m^t i'^m&%'^%=i- 1 0 © 

%^<r)-^3^W^^^(r>^iL^mi>fz^(DmtV>X\ 1 

^^WMUM 9 tcorBlfctt, 1 0 *^6,til 

MLfc^ 1 CD/t;UX U— 9-'7l£ 2 *3 iD^gg 2 0/'<;i/X u— 

2. ^1 ©/t^UXU— tJ-*7t2i3j;D^^2<7)/'t;PX^— tf 

t'-Ai)l^3^^?^ 1 3*5<i;C/|| 1 ro/i;i^X U— tf^t 2 . 
m2©/t;l/XU'— tf^te i£*^LT, ^W*7t/'^3'>*^ 

«i4i|Sf 9 lCfiB«T'#-5*3te¥©-C^S«^!!BS*3t=^IK 8 

Hi CD/IJl'Xl/— tf^2:fecfcZ/m2CD/'?;UXU'— tf 

[0 0 17] z.(r>%m(r>-m&<r>^W^<r>n}\,7.v-^^m. 
1 tt. nrnJ^fci&^fgigisgs 1 5 nit\<r>7)Vziy^i!r 
>u— y-'S'ffltv Qx-r •y?-t?/t;i/Xft:LT^ 1 <r>!\)\^ 

XU-1f7t2 ^^^$1±Tt^-5. ^^J^Tt^^^lO 
(i. /3-BBO (/S-BaBz O, . '^-^'/N'U C'AjJ^ 
U-f h) j^a^'fi^fflLTiJO. 1 5 nm®5t-C* 

S^IWA^UXU— tf7t2€rA«U. ^1©/'«;|/XU- 
2 © 2 ^ntsmrxzh^"^ 2 ©/t;ux u— tf ^ 6 Sr^ 
^•rSfS. effiS-&^ft*<jil^c^ia-5J:3/3-BBOi^ 

— tfjfeett. ii^S2 5 8 nm©Sin^t^t*. Sfc. 0 
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d i ic J: D mmnm^mi^^^ u > u n >iK*}gfiE-r ^. 

[0 0 18] :kizW)f¥=^^mT^. /■^)U7.u—*f^m.i 

(-j:o«3t*n, i^iSjg^t^js^ 1 0 1- Ai*-r-5. 

«. ^ 2 u— tf3t 6 ^ 1 u— If 

[0019] I^^JgTt^s^^ 1 0 ^ai#* b^cm 1 <r>n)V 
7.1^— tf7t2 43ctu:m2<o/i;i/7.^— tfjteti, 1^— « 
'OFS^— 1 2lcJ:0ii[^Hc*T0ffltfe>ti. tf-Aia 
STfe^JS 1 SICAMT^.. f-Ai^S7t^?^l 3«ffl©: 20 

CO R « o 1/ > x*5 J: z/n ^ca u > x*^ e ^fig ^ nT*3 

0. mi WAJU::^.^— tf?l£2 t5j;tJC^2CD/t;i/XU— tf 

[0 0 2 0] mim.^%^lk 8 A*t Lfcm 1 
U— tf3t2 43j;Z/^2(0/'?;PXU-1f^6«, i^tttC* 
7t$n-5. ddT, mi tf3te2 4:^2®/'^ 

«*#-r-S)m2<DA;u7.L'— y-'5t6o«jte**^ smw so 

iS!|sf9<^Si^*tpii^nTt.i'i.« fitoT. miwy-^^ux 

•5. 

[0 0 2 1] 0 2 75Mia4li. :i<75^l^(D^Sgc7D}gli(:: 
(Dm&i (arbi traryuni t) ^rfflt^Tt^So 40 

m 2 mmmit^m^f- 1 o \zxm-t^m<DW. i 

U— tf5t2 0Jt^S<D^rB^^Yk«-^L. @3«#i^)I^Jt 
1 0 (CAML;t^<7)m 1 (D/'?;PX U-+f5le 2 <D31£ 

^ L^cm 2 co/^;ux u— y-'Tt 6 o3t^gco^rBi^{b^^ 

0 AWfKOm 1 CD/^;i'XL'— <f7t2C0^g^K»i. t-.iflC 
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m 1 U— tf3t 2 ro^t^a^w^ra^^k^r^f/^Ji' 

X SEJg ©fiS ¥ »I{iS L T t > ^ . 

[0 0 2 2] m 2 CD/X;UX U— tf 3t 6 «m 1 (D/'?;UX U 
— »f7t2C0 2^ii5i@aiTfeO. :i<D2fgiSISiiKSr^*-r 

jgjt^sg? 1 0 icAttr-saag^t^Tt (cdT-tt. m 
i(on)V7.\^-*f%2) <o%^m<r>2mz\tm-r^. m. 

tecom^tcjt'<2fl5iSiift'v^^^fn*fij^*«iis<. 7t 
<^£S. i^^jg3t#5g^ 1 0 ai#*»(^m 1 w 

/tJUXl/-- !f3t2roP#rB^j^^^«. 1 0 A 

©)^Si»r*5UTli, m 1 ©Ajl-XU— y-'7t2<0^il:i:*i 
fi. 1 oailflf^T. 7 0 n sgg 

2^m) *»e.l2 0nsaa (0 3#M) t:g<7iS. 
[0 0 2 3] mi U-tfJt 2 CD 2 *&ii5i)l&T-ab 

■2>m2(D/t;i'XU'— tf^6«^^g«. ±j$©j:3(im 

1 W/tJUX l^— y-*5t 2 CDTte^S© 2 mtwittBJt" ■5^*6. 
m 2 ©/•^;i/X U'-- !f >t 6 WJt^ftOl^rB^feJgtt, 0 4 

*-r«i;^{c, ^i^jgjte^^^ 1 0 A*tw©m 1 on;px 
cDigm. m2(0>'^;i'xu— tf7t6 0D/t;i/x^rBiii@«. m 

ioa;|/7.u— tf^2W/'«;PX^^1*il;ifc'^^ti. * 
Tc. m 2 w/i;px tf Tie 6 ©s:*:3t^R«m 1 
xu- +)-*Jt2(D^;k:^3*Stc*fj£;-ra;t«6, m2 05yi;u 
X L'-- tf3t 6 «. P^Fp^Mlcm 1 U—tf7t 2 

ij^fcficer-s. z.(D^m.<oi&m\zii^^x\t. wum^^ 
onsmm. (02#Bg) T-ab-scDtc^L, m2o/'?;i/x 

U~1t'7t6 WiJiiii^4B«2 0 n sSS (E4#Sg) <i:>^i 

[0 0 2 4] C:(D|ISS<DJp«itI*5l,^Tli, mio/'?;i'X 
U— tJ-*7t2<73 1 0%g^*. m 2 CO/t^PX U— If7t 6 ^ 
^JfeL-Tti-S. mi«D/t;i'Xl'— tf7t2 7i^^>m2W>'^;U 

jij; 0 . tm^^mmf- 1 0 (cs:^-r-&m i wa^px u- 

■If 2 <0 AW^Kji^^^bT -5 , m 1 05/'?;PX U— tf 
7t 2 *^ 2 (D/'?;l/X U-if 5t 6 'sWSSiftfiJ^A^iBS^ 

[0 0 2 5] c(D^BM<Dmm<Dmmiz%^u-^7-- 
)i'^m<D^mkium 9 iic^stt-sm 1 (d/^jut. u— ifjt 

2 tm 2 (D/t;i/X U— 6 roBa#tMi®T-*-5 f- A/'^ 
^><&0 5(3^-r. 0»c*5i/iT. 0*. (smioyt;i/X 
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m 2 <^/t;ux u— tf^opitS^E 3 6 «m 1 O/'^;!/ 

tf7t2c0 2fgiSi)gffiTS^D, ^ 1 (D/IJI/T; 7t 
Ufc^ 1 U-lf 7t 2 :feci:ZJ^^ 2 U 

if 7t 6 (Dm^^m\z^^Mu,Pt 9 ^^smtf . sMit 

ct tC^ 1 CDAJUX 7t 2 COflgltm^ 3 5 P^mz. 

m 2 o 6 <Dfiaits«t 3 6 r> xmm 
[0 0 2 7] menmsiit. :L(o%BM<Dmmo:>mm\z^. 20 

0 aiS^om 1 <D/VU7. 7t 2 <D^^«^.i*tt5|St 9 

\zm^Ltzmo:>i^mkiun9 (Df^mommmt^^v. 
m7\ttm2 (D/^jux u—^yt e (D^^m^MMun 9 izm 

^m^L. ^mHun9^zmmi^rzm(D^msi^m9(o 30 

ti. ^1 CO/t;UXU— 1f3t2 4Dj:D^^2 0/t;l/XU--1t' 

^6\tt%\zm-^m^i!t\^. ^mm^^m'Fi 0^^^ 
^mMund^m^fcib. M#^SiiLaMita»9Jc 

.^St-r-B^coB 1 U-tf^t 2 2 co/t;i/X u 

S 2 (D/tJi^T. V-^it 6 ^^B#<D^ 1 (J^n)V:K If 7t 

Se-pT, ia3:feJ;O^S4T^RLfccfcofZ, 1 2 

0 n sg^omiCD/t;|/XU— tf 7^2(7) ta^fC. 40 

♦i 2 0 n s 2 (Dn)V7s U-if 7t 6 d^^rBlMtCffi 

[0 0 2 8] ^1 <0/t;l/X ^ 2 coigns 5 1 5 n m 

tc43frt^«ra|jg4)(£} 9 T'*'5T^;i'7 z X >- U 13 >(7)K 
ilXfi^&^i, 1. 0X10' cm- » gS, S2C0/'?;UX 
6c7)&g2 5 8 nmH:fett^Sra|^|S5|B}9T* 
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=i>KTKiR$ti^O»zit^. ^1 0/t;uxU-if7t2 

[0 0 2 9] 0 6f3^'r<i:5fC. S 1 <D/t;UX U— tf 3tt 
2<^^^Ba|ti,fc^i^<Di$fiBit|j3|sf9<^aSlj:, gai^BB 

\z. II2<7)A;1/XU— tf3t6<^)^*KitU;t«'&JCJt. 

.#JCM0. 3 0-4 0 n sgScJOPal. it.^.iS^cT^-^ja 
S^*IJ#L;t^. M^treUTi^^o ^2(^/t;i.Xl^- 

^ ^^fci?!). m 2 c;)/i;i/X ^ 6 ssitis^ 9 \-m 
^2(^/t;i.XU-1f3t6(7)S.|*SS^3 6j^tC 

^2<D/t;uxi^-if^6co^$BaS*LfclS, Sl.#.ift^T 

-^^aST^^^'^i^^n-sot^. z^;i/:7TXv^Ua>(0^ 

n)V7. tf Tfe 2 (h^ 2 CO I— -tf 7t 6 ^fig L T.^.M L 

1 5 0 n smm.(Df^. m.^.i^mcD^L^mm^n 

So c:nJiAjux^ra*i(7)Sii^ 1 <7)/t;i/X u-if 2 
S:fe^>S*K5|sf 9;!>^KiR-r'5Ci:tCj:0. ^2(^/t;i.XU 

[0 0 3 0] ^StbfcT^;i/7rXv'U=3>j!i^^. ^(7) 

mi&tth\zm^^mi&'r^. c<Dm. u— tf^sgitT 
^g-r-5>o ccDfzif). i^—^^mMiz^ommLfcT'^ 

;P:7rX'>Un>Mnit-<.m^^ftjS;:^^:;*c#<. 
U3>Tfl^^L/c h^>>^X^fl, 7^JUyT7.i^0ZJ 

>x-m^Lrc^(D\za:^W)f^mmi^^mi.<mi^^. '>u=i 
r^rzis(>\z\t. u-ifytmm^z^^mmni^^it(D!^ 

[0 0 3 1] zy'J^>f^^mt. yEJl^yrXiy^ziy 

m^m.^jzmmL. ^.(DWLr&iz^o > u =3 >m±mm 

^mt+^\zf$.^r^z.tf)^x^-r. 4^u>'U3>4'CD 
^Mm-'&Mm^im<^\z&<&k-:>i^^f>^. ^n=f-^m&(D 

7p U v-U 3 >JK«:J^^i£-r'5fedi)CDa^/<f:SgSi:/j:So 
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[0 0 3 2] ttP,&tK;pf 9T$.-5 7^:;l'7rX>' 

[0 0 3 3] z(o^m<Dmmi\z^i\it, &mMU.n9iz 
M < min-mzi&^i:m-r^$^ 2 

1 <DA;1/;^U— tf5tS. ^2<D/XJl'Xl'— !f3t6 tSa 

1 <oA)\^7s u-if^ zizj^o ^mftimn Bp^izm^i-tz 

2 0 0 cm/VKicDjSt^m^^i&S^W-r-STi^'J ->U 20 

[0 0 3 4] Sfc, piS«(3j^:S€:Wr«m 1 

tf?t2i, m9s-mz^^^m-t^m2(r>n)V7.u- 

[0 0 3 5] ^<Dmm<Dmm\z^i\\t. 
w«^icffies«rW-r -am i cD/t^ux u— y'3t 2 ic?^ 

0S:ffltriTiSS^Jft*«6L5fili1.^*^ 

^ 1 co/'?;px u— 2 2 cD/'«;ux i/— tf^te 6 05^ 

2 (DJVVT. U-if^t 6 tt, 1 0 »3:fe«,»T 

X U— 1f5t2 t5J;t/H2CD/'?;U7.U'— tf>t6*t|l— 40 

9 ±TOH 1 u— !f 7t 2 2 u— t)-' 

(0 0 3 61 ifc. ClOjlJgWJ^ffilCiJl'iTli. S2(D 
/t^P;^ U— If 2 *^^f ■5i6:^^tfe¥a<i: UT 2 iSiS 

^jg^^i 0'vA«^f«i-«.ttSE«^^Jt«iaST<kti<D 
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[0 0 3 7] Sfc, ^2<DJVV7.U—^yt&mmf^^ 
%4L. ^fi^}^3te;¥^^l OA^^MraJtiii^g iT-R- 
T;i<. mi <D/t;u;?,^— tf7ie2t^2©/x;i/7.u— !f 

mm\ztj.i>, 

[0 0 3 8] ^tz. CKDSIigODJgffitCiJViTtt. 0 5 7? 

2<DfBttimm3 SpqiZ. m2©/'?;PXU— tf3te6©SBW 

tf7t6 0Sa|t®jgj3 6^*^{C*3fcO. ^ 1 cD/'? 
;PX U— 2 J;oTS»©«ift*«3a*WtCttM^n, 

— !f 3t 2 OBgMmJS 3 6^{$:lC?gfiK-r-5C:db*«T#-5. 
[0 0 3 9] a^<D7t#;y7X^5|$«^<0^#*^ 

^mm9t^mTxmtftri>m'^. ^iam^miEri>rz 

«6> aiff^OS?^£^ 2-:5eA±(D«»$:m^^t3-ti:TU> 
3t 2 3 5 [fqWz. W. 2 ro/tJUX l^-- tf^ 6 <D 

M--mmx'Wi&-^ntz%^m'¥-^mmv. 

9 2 U— lf3t 6 c75m?t.#x35ifi:Sf -5 J: 5 

7t 2 tt. »HSMis^4 9 ±ti,imu^&imx-m^-^ti^ft 

tb. *Sl^i:L.T^ 1 ro/t;PxU'-if7fe2CDHB|t?S^3 5 
ttB2<D/t;PXU— tp7t6©M#t^^3 6(Cit'<X£;<n£ 
0. mi WAJUXU— !f5t2<Ofig9*S^(^g|JfC. ^2© 
^ 6 ©BBMSgJScAi&H-r-S J: -5 t-i^^c-S. d 
CDckpt;, mi(D/-\)V7.V-^^2(D^m^^n9±<D 
^§^^^3 5©(^gB»C. jSgA«S;ic.5m2<7)/'?JU7.U- 

[0 0 4 0] CW^JgCDJ^ffilCiil^Tti. ttSgJ^Hi^g 

ftra^Sttt^ 9 \t7=^)\^y r X -> U :3 fcWTr 
H^£<. I TOKT*^TtjJ;<. rcDU-if— 

7:^-;p«g€r I Tom<r>miimmikit\z^^m^^^ 

[0 0 4 1] SZi. f^l(On)V7i.V-^^2\zn-t^Wi 
tf 7t 2 tm 2 ©/^Jl'X tf 5t 6 «;«-r «>!fira|*s5^s^ g 



i ) 

( 

n 

ift^mf' 1 0 lc«-r^^ 1 <D/x;u;;^ u— tf 7t 2 (DASt^ 

fe, 0^CDSl(O/i;PXU-tf7t2CO 

m<t\tmi3(o^^mm't^z:^izm^x^^rzo z.<Dm 

^ 1 co/^;ux u-if 2 chll 2 (D/^jux U-if 3t 

^^<Dx. m-i&s^(Dyem^mmLrzm^izit-<. 
[0 0 4 3] |issco^^2 . m9\t. :i<D%m{zm^\y 

seacfi^^MB^$:u-1f 1 o uj:. /n-^px u-ifTtM i 
<3o«ifig«0i i^ig<^j^^.i <ha«-r^SB 

^^^n^mi^mi^x&^mi^iy—^mim Sit. ca^m 

lffi<?> J^liT«^> ^ >^ A < ;r >75^ K - y ^ n;t Y A G 

— if 1 6 3^^H#:U—tfif£® 1 5c7)fiiJ::^(c^tt^nTi^ 
S15«. Jg^Sttl 0 6 4 nTnCDia#^^{C*-5S*ft 

Sf)mtff^tlXl^^. 1 5;foJ;C/ 

0 tm2mm&^oitiL^^-2 2/>^^tt^nTt.i-5o 

Ccom2;Sl^ffiffi{0mL.^ ^-2 2 (hm2(75^SSgB 

m2iSISi£^%*-r'5m2iasiiK^*ffl|f^?g:^i^ 
^^1 9;^r^S^^te>nTl^§o CCD^2ii5Slffi^^ffl|^JS 5 
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m^^m'Fi Slit. z.<Dmm(Dmm\z:tDi.^xitKTP 
(KTioPo* , 'j>m^^>mti^j^A) jea*fi6 

mLXi^O. S^fil 0 6 4 nmCT^Tt^AWLfcK^.. 2 f& 

nx^.i-So S£oT, m2ii5i)liKcDS:g«, 5 3 2 nm(7) 
pJ«Jiet7tt^o m\Z\t7r:l.Xl^tj:\f^tt^m2mmm 

^±m$¥^myt^m^ 1 9 \z\tWLmi^<^zf^m^m(Dm 
m^mf)^^^f^tix\^^^o ^rz. ^ico^gg^^-20 

10 ^m&^nx:^0. ^(Dp^^iZltQT.^ y^l 8. Hf^ 
«MU-ifl5. ^2iSi)iffi5jO£fiL^^-2 2^^-r 
-So ^2iSl^i^^*ffl#^i^j^7t^^^i 9 t>^fc. ceo 

1 0 6 4 nmCOS*&U-lf^ 1 7 t;:^^^^^^ 

^SP^^— 2 1 «&gl 0 6 4 nm(7)S*j^U— tfTt 1 
7 iiffl^SS 3 2 nm<Dm2mmi6,^(Dm^iznL±^m 

^^z.^i^^±!^m:j-^^ >{ff)m^nx^^^^ m2 

0 ii5P2SStOtBL^^-2 2tl3tfft*S!9&Pf, m2^m 

&^^mss9vmzmoiti'rrzsbis,S: i o 6 4 nmcos* 

tf3iei 7fc**LT^l:i:j^S*L. !Sfi5 3 2mOS 
2 iiSllg^ {c?:^ L T ^l^i^ia ch ^ J: 5 2 zSS zi - 7^ ^ 
>i//>^*JS^nTl^^o ^2ii5i^ig^Bi«9ttlL^^-2 2* 

m2^m^m^m$mmyt^m'i^i 9^]^Mm 
(DitLB\z{t. m2mm&momL^^—2 2f)^^m,om 
^tirzm2^m^(Dmnyj\^^mKimf^mDmf^ =y 

— 2 3^*^ttbnT(.i^o J^Sez^S^t^l^Hi*U-+f 1 

0 10^r-X2 4f-«, m2Kl^}S3t^ffi:Oai"re~A 

[0 0 4 41 '^izm^^mm-f^. sr, tf 

1 6;6^^aift'r^ae5e^Hft:l/-if«Sl 5 03tttffliJ 

wM%m't^fm)!^^^ummwL\i^\z^ 

T^-So se-:?T, m^\z^^wM^Mmi^mt'^^mi.^ 
\z^^K^^^m'>m.^^^^m^wM^mtmn\^. 

tfj^Ml S}H\Z^\^^:s^^}V^-if^1^m^ritz^ 
mrr:. QX-f i 8 fcJ:S^«^M;&,%ii(c<gT^it 

^l<D^g6^^-2 0 ch^2c7:)^a5^ ^-2 ItCckO^^ 
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( 8 

13 

u— tf(«s 1 5 =S:mm-ri>^^mzitmr^rztt>. 

[0 0 4 5] co*igco}glii;:*3(,^T«, ^^JgSrticm 
2!i5iajK^*ffl*i8Jg3t^3i?^ 1 9*i2Bb, 1 

(^S?gSBS^-2 0 i^2WS®gB= 5-l-«koTS*jSU 

1 B'NAl^^f-ti-SClt^iT'^-S. ^2 

-tfTti 7:*<m2iSiajS'v^^$n^iij^«, 31m65('« 20 

^-r^^mmp^^i^&miikmi$.\z^rnt. i^?^gcDa* 
i£ If 1 7 ^ ^ 2 ^mm%±m4mm^^m'f 1 9 

^Om^ti^. *tiS*i±SWLfcm2ii5iSi^li. tfrOft 

OaiL®25J:»3y-X24 «)^gK'sai«T'5. -Jr-X 30 
2 4tD^g?'v.ti}|*LfcpT«i^HKg<&*-r-5ll2i«l)liS 

^^^^ 1 0 -7 h <onm.A^, &S 5 3 2 n m«^$ A 

2m^mf&^^m\z^'»SL'^ikmmft^n 

CO 0 4 6] C0:>^m<OmmiZ:k^^T\t. H^U— tf<« 40 

1 7$-« m2^mi6.^^m$¥mm^^m'i^i 9icj;o& 

fi^tfeSrSSb. pim«JCfflcS2:Wr^S2Sisijfi^^^^ 
^■ti-. |gl<DA;UXU'— tf7te2<!:LT7r:-U>i^(Cfil 

i« M ^, % * -r ^. S * U -■ tf 7t €: Pl ^ 7t f - S ^ 
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mt UTffltiTt»fe7;U:^ > L — ■*f^<D:»>^ U— tf t 

s«c 0 . mi ©A^px u— !f3t^^fflo3t®?&/^M^fc■r 
[0 0 4 7]. S etc. ^t&0)f^miX-^lyfz7)l'=t>U 

^z^-Bkmmmit(om}^\z^^^r+^enx\>^i>tktmA. 
u\,K ^o:)mm(r)mmizm-rj:z>\z. mi^u-ifmmi 
s^mmrtm. &mmmmmmiz{^±-r^iif}^K)X' 

fj.<. liit)<D^^^hfS]±-r^(OX\ ;<>7":^->XDX 

h ®<£«*0-5 ciiti^-Bjmmtf)^ oxti<. s^mnnzt) 

;yxU'— !f(wa:^?gai:'3{bA^^^tr$)-5fcto, 7 

[0 0 4 83 z.(D^m<^mm(zt5i^^xit, sit^u—*fm 
m 5izYAGi^^=S:m.mvrzm^mLrzf)^. 

;i-:^9A-1'^>S:K-:/U^cYLF (L i YF, ) i^S 
$ffiffl-rtl«. jSSl 0 4 7 nin&.5t»«l 0 5 2 nm 

<Djfi#^1.^lC$.l)S*ig U— tf^t 1 7 A^#t.tl-5«*^0 

QX-f •;/5^1 8 -C«*SE t)-*3t 1 7 <&>'i;PX{k-r-5 

ft t:: t /J p aSf * ©^fbd^ Y A G J; 0 fc /h $ ^ ^ W 
tfjSSESi 5«. CCT«RL;tYAGiKa. Y 

rj.^mzfBcxwLBi<Dm&^mm-rrniji^^, 

[0 0 4 9] ifc. :iW*ig«}gJS»C*3(,»T«. ^sgg 

f^^X't^&^m^n^K mt^i — ■*fmm(7)^2^mi^^ 
7*uotbLfc«^-rfe. a^jj^u— tfjti 7tr>^^m 

ll2iS5iljS^&»^$-li-. miro/'?;PXU— tf3t2<i:LT 

$^iris]±b. 7--^)>if<D&mui^t^^^^zmmz 

[0 0 5 0] sfc, ii©mso?}gigictjnT«. ^mi^ 
u— tf 1 6 5r@*u— *f!i«» 1 5<Dm^^mti^xmm 

T2>^B£$r^tt*^ 7-i?7>yS:@^l'— !f!«a 1 
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to 0 5 1] c:©^Js©}^iiic*ji<iT«. tffflE 
a 1 5 <om 2 nimi&.t:m i <d/x;i/:^ u— tf3t 2 1 i^x^ 
fflu. ^i<D/^;uxu— lf?t2<^>2(&iSia&S5!*$•l3■ 
Ttt-te<. m^ii. HffW— Ifaai 5<om2S5i8i^S 10 
^l<D/t;PXU-+f3t2i:LTdeffl-r-5<i^lC{i. 
l^-- tf!SE® 1 5 ©S*iSU— 1f 1 7 tig 1 U 
-• !f7l£2T*«)^2iSil«*. #SU^?t^3g^ 1 0 ICI^ 

— y-'Tti 7©m2ii5issE©2<g^iiijK. ip-^. s^a^u- 20 

— tf 1 7 O 4 fgiSSiffi*^ 2 U— tfjt 6 <t U 
[0 0 5 2] *ifi<^»JgJ8 1 *5itXmfi<©}^li 2 {r*3t,iT 

30 

[0 0 5 3] 

i^tt±»rMa$-e:Tm«rsm2 /t;px u— y-'7fc5s*^ 

l^t?r<l;t, Mg^fn;tmi ©/-^JUXU— tf5t*3j;Ut^ 

«e>. '^iZ~'^Ltc7=.->J>if&mt:^-DZitA^r't 
•5, se)C ^1 tf^i:m2<D>'1;^7.^- 
r^- > X (S] ± ^ -a- -5 C t At 7: # -5 . 
[0 0 5 4] Sfc, ^ 2 /"J^UX U'— 

|gl©/'?;|/Xl — -y-'7tW2jSi@!llligE$: 
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[0 0 5 5] ^fz. z:(D^m\z^tni. mi/'^juxu- 
<D/tjux u-^ytii Lxm 2 — 

v>if<D^m^\^±i>nm\zm^z.tAn'^^, 
[0 0 5 6] mrz, dcoi^^gicinti. ^i/x;i.xu- 

■tf^tfi^^e**. ^K^/'^-'l'XL'— tfJttLT^2iSil| 
iSc i& ^ ^ r ^ *i S 1*1 S6 & g S J© ^ ® il A fc B ^ U - 
•tf-C*^©T. Bft^U— tffiSEajcO^^-r-SS^i^U'- 
— tf^$:ffl^»Tft:g^t^lSr^T^». J: < ^ 1 <55/'<;l'X 

[0 0 5 7] z<Dmmizj:nit, mi<D/\;i^xu 

— tf^^*^g7!>s. II1®A;PXU— tf5ti:LTS2S5 
sSj^S:^*-r-i.QX-1' •y^\Zj:0/-^)l^7.<t^tltzmi^U 

IcfeO. miro/'^-ZJ^XU— !f3t<i:lxT^£ffl-rs^2ifi5sB 

1 <r>jt)V7.i'-^%^^^^^-t^:it\z^'o%±t^ 
m 2 <D/t;i/X I — -tf^ttt. ^ 1 o/t;ux u— tf^wsagp 

n^i;fci^cDts:jaS', ^ 1 ©/t;i/x tfTtA^gii^wJc 

[0 0 5 8] sfc. ci©%?gfcj:ntf, ag^^n^c^i 

CD/1;PX U— !f 7^*5 it/;^ 2 <7)/'?;PX U— tf3t€:m5teU 

2 o/"?;i/x U'-- tf5t©p,i+^«E«. ^ 1 <o/t;ux i^-- y' 

5^C0HB|t^^p«g(CfirBt-^> J; ^ \Zt Z>m9t^^'km 

^fn. m2 (D/^}ux^<Dmm^^^mzi:>ftr) . 

imi] c<D^B^<DMm<Dmmnzmi>i^—>f7-— 
(0 21 z.<r>^m<o^v&<r>mm\\z%i>\^—^7-— 



I" ^ 



n 



( 10 ) 



2000-12484 



[0 3] c<o%m(Dmm<o^Wii\z%i>]^—<f7~- 

[0 5] ;i<D5S?^®lli6SO}gffiUC^-5U— IfT-- 
[0 6] C:©^§BCD^i6£OigliUC^SU'-ifT-- 

[0 7] c<D^m(^mm(ommnzw.^i^-ifT-- 

20 
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[0 8] c<D^§qwiiigrojg^nc»^>w-ifyzi- 
[0 9] :i<D%moi^t&coj^t&2\z%^u—*f7-— 

[010] i'—tf7=.-}i^^m<Dm0s.^7^ry 

1 /t;i'X u— 2 ^ 1 wz-^^px U'—tf3t. 6 
BgitKW. 1 0 4^mmi>t^m=f. 1 5 wwi—^fm 

M. 17 a^^SEU— tf^t, 18 Q7,-fy^. 19 
^2SiSifi^%^ffl#^ilJg^;^^^. 2 0 miO^gps 
2 1 m2WSffig|J=^— , 3 5 m 1 <^/'?;i'X U~ 
■tf5tWH8*tmi|{ (e— . 3 6 ^2<7)/VI/X 

i—*f^(Dm^mm (f-A/t;S'» .101 F«ggBis 

fi^^SH^^U-lf Off tf) . 



[01] 



[02] 




1 4 



1 -./tjl'jt.i — lf«jB 

2 : S 1 0/t*;i u-lf A 
6 :»2©/t/i-;ii — -y* 

9 : ttBB^HiR 
I 0 : Hm&3t^3iH- 



(art). unlQ 



» 1 JtU—yjt 




(arfo. unit} 




0 50 100 150 200 250 
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2000-12484 



[04] 



(arb. unit) 




50 100 ISO 20O 250 



<ns) 




3 6 




[1 <73/x^p:xi — if3t(r)»^w 



3 5 :2'<^^<^»'^^-t'=ifc<0ia««i« <b:-Ayt^» 
3 6 : mZiOJ^JU^U^^fiftfgyfSBmim (fcf-Ayt^» 



mi] 



[0 8] 




it 



so 100 150 200 2S0 



— ► 

(ns) 




1 5 :e«>u— »f«H 

1 8 : Q:^-r:y5^ 

1 9 : «2SgBirtS^ffl^JB**tli^ 
20 

2 1 : jB2C03gS$^- 

10 1: f*?SafeSfffiiS?®<*u-if (Hl^u-tf) 



1 : /t)l^U-1fiftSi 
3 : l^-A^ry-y^ 

5 iftmmm^ 



6 : SR2c^/tJU;3^U— ifjit 

7 : 2fetie-A>^:/yyi^ 
9 tmmmum 



( 12 ) 



n 

4#B8 2 000-12484 



F^'-AC^^) SF052 AA02 BA04 BA07 BA14 BA18 

BB03 BB07 CA04 DA02 EA16 

5F072 ABOl ABI5 JJOl JJ02 JJ05 

]J12 JJ20 KK05 KK06 KK12 

KK13 KR15 KK24 KK30 HMOS 

MM04 MM08 MM09 PP07 QQ02 

RR03 RROS SS06 TT27 YY06 



